TITLE OF THE INVENTION 

OPTICAL TRANSMISSION SYSTEM FOR FREQUENCY -MULTIPLEXED 

SIGNAL 

5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to optical transmission 
systems and, more specifically, to a system of optically 
transmitting a frequency-multiplexed signal with a plurality of 
10 signals frequency-multiplexed therein. 



Description of the Background Art 

FIG. 14 is a block diagram showing an excunple of 
configuration of a conventional optical transmission system for 

15 a frequency-multiplexed signal. This optical transmission 
system is hereinafter referred to as a first background art. In 
FIG. 14, a multiplexer 1400 to which a plurality of signals having 
carriers with predetermined different frequencies are supplied; 
a modulator 1408 to which a signal outputted from the multiplexer 

20 1400 is supplied; an optical transmitter 1404 to which a signal 
outputted from the modulator 1408 is supplied; an optical receiver 
1405 for receiving an optical signal sent from the optical 
transmitter 1404; cuid a demodulator 1409 to which a signal 
outputted from the optical receiver 1405 is supplied. 

25 The operation of the above optical transmission system in 
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the first background art is now described. The multiplexer 1400 
frequency-multiplexes the plurality of signals having the 
carriers with different predetermined frequencies, and outputs 
a multiplexed signal to the modulator 1408. The modulator 1408 
modulates the frequency-multiplexed signal to produce a 
predetermined modulated signal, and outputs the same to the 
optical transmitter 1404. For such modulation, a frequency 
modulation (FM) scheme is used, for example. The optical 
transmitter 1404 converts the modulated signal into an optical 
signal, and sends the optical signal to an optical transmission 
path or the like (not shown) . The optical receiver 1405 converts 
the optical signal received through the optical transmission path 
into the original electrical modulated signal, and outputs the 
Scune to the demodulator 1409. The demodulator 1409 demodulates 
the modulated signal to reproduce the original frequency- 
multiplexed signal. 

The above described first background art is disclosed in 
detail in "Optical Super Wide-Band FM Modulation Scheme and Its 
Application to Multi-Channel AM Video Transmission Systems", 
lOOC 95, Technical Digest, Vol. 5 PD2-7, which is incorporated 
herein by reference. In this optical transmission system, a 
frequency-multiplexed signal is modulated to be an FM modulated 
signal, and, after optical transmission, demodulated to be 
reproduced. This can improve SNR (signal-to-noise ratio) of the 
demodulated frequency-multiplexed signal by using FM gain in FM 



transmission. Therefore, multi-channel signals can be 
transmitted with high quality via a single optical fiber. 

FIG. 15 Is a block diagram showing another example of 
configuration of the conventional optical transmission system, 
which Is hereinafter referred to as a second background art. In 
FIG. 15, the optical transmission system Includes a multiplexer 
1500 to which a plurality of signals having carriers with 
different frequencies are supplied; an optical transmitter 1504 
to which a signal outputted from the multiplexer 1500 is supplied; 
and an optical receiver 1505 for receiving an optical signal from 
the optical transmitter 1504. 

The operation of the above optical transmission system in 
the second background art is now described. The multiplexer 1500 
frequency-multiplexes a plurality of signals having carriers with 
predetermined different frequencies, and outputs a frequency- 
multiplexed signal to the optical transmitter 1504. The optical 
transmitter 1504 converts the frequency-multiplexed signal into 
an optical signal, and sends the same to an optical transmission 
path or the like. The optical receiver 1505 converts the optical 
signal received via the optical transmission path into the 
original electrical frequency-multiplexed signal. 

In the second background art, a frequency-multiplexed 
signal is directly converted into an optical modulated signal for 
optical transmission. Therefore, unlike the first background 
art, SNR Improvement with FM gain cannot be achieved in this 



transmission system. However, multi-channel signals can be 
transmitted with simpler structure and low cost via a single 
optical fiber. 

The conventional optical transmission system as described 
in the first background art can achieve mult i- channel signal 
transmission using an optical fiber with high quality. 

However, in the first background art, the following 
problems may arise due to the characteristics of the 
frequency-multiplexed signal . The frequency-multiplexed signal 
is generated by frequency-multiplexing a plurality of signals 
with different frequencies and phases. The instantaneous 
amplitude of such frequency-modulated signal is not constant and 
varies with time. FIG. 16 is a graph illustrating instantaneous 
amplitude variations on a time axis. As shown in FIG. 16, when 
a plurality of signals with different frequencies and phases are 
frequency-multiplexed, coincidences of their peaks in amplitude 
cause an instantaneous amplitude increase of the frequency- 
multiplexed signal at a certain time. 

In the optical transmission system as described in the first 
background art, the frequency spectrum width of the modulated 
signal is determined in FM modulation according to the amplitude 
of the frequency-multiplexed signal. Therefore, as the 
amplitude of the frequency-multiplexed signal is instantaneously 
increased, the corresponding spectirum width of the modulated 
signal is instantaneously increased. 



Furthermore, in an output part of the demodulator 1409 in 
the first background art. part of the modulated signal components 
may remain together with the demodulated signal due to circuitry 
configuration. Such component is herein called a residual 
modulated signal . It is known that part of the frequency spectrum 
of the residual modulated signal causes deterioration in the 
quality of the demodulated signal, which is disclosed, for example, 
in -CNR characteristics of optical video transmission system 
using broadband FM modulation scheme". Fuse et al. , Institute of 
Electronics, Information and Communication Engineers Papers , B-1, 
Vol. J81-B-1, No. 9, August, 1998. 

FIG. 17 is a graph illustrating the relation between the 
residual modulated signal and the demodulated signal on a 
frequency axis . Similar to variations in the frequency spectrum 
width of the frequency-multiplexed signal, variations in the 
frequency spectrum width of the residual modulation signal 
correspond to variations in the amplitude of the frequency- 
multiplexed signal. Therefore, an instantaneous amplitude 
increase of the frequency-multiplexed signal causes an 
instantaneous increase in the spectrtom width of the residual 
modulated signal, further interfering with the frequency band of 
the demodulated signal. As a result, the quality of the 
demodulated signal deteriorates instantaneously. 

In addition to the above, such instantaneous amplitude 
increase in the frequency-multiplexed signal causes the following 



problems. That is, such instantaneous increase also causes an 
instantaneous increase in the corresponding spectrum width of the 
modulated signal. Then, the modulated signal with its 
instantaneous spectrum width increased is transmitted through a 
transmission path such as an optical fiber. 

In general, the frequency band of the signal that can be 
transmitted with good quality through the transmission path is 
predetermined by design. Therefore, if the instantaneous 
spectrum width of the modulated signal to be transmitted increases 
over the predetermined bandwidth predetermined by design, the 
increased part is clipped or distorted. As a result, the quality 
of the demodulated signal deteriorates instantaneously. 

On the other hand, the optical transmission system as 
described in the second background art in which the 
frequency-multiplexed signal is directly converted into an 
optical modulated signal for optical transmission, multi-channel 
signal transmission using an optical fiber can be achieved with 
low cost. 

However, also in the optical transmission system of the 
second background art, the following problems may occur due to 
the characteristics of the frequency-multiplexed signal , like the 
first background art. 

The optical transmitter 1504 in the second background art 
generally uses a scheme called direct modulation. In the direct 
modulation scheme, a current injected to a light source such as 



a semiconductor laser is modulated with a modulating signal to 
be an optical intensity modulated signal. 

FIG. 18 is a graph illustrating characteristics of input 
current to output optical intensity in the light source such as 
a laser device included in the optical transmitter. As shown in 
FIG. 18, when the input current falls down a threshold value (Ith) , 
the output light power waveform is distorted with the part below 
the threshold value clipped. Therefore, if the frequency- 
multiplexed signal is used as the input current signal, its 
instantaneous increase in amplitude causes distortion in the 
waveform of the transmission signal, and therefore the quality 
thereof deteriorates instantaneously. 

As described above, in the optical transmission systems as 
shown in the first and second background arts, an instantaneous 
amplitude increase, which characterizes the frequency- 
multiplexed signal, causes deterioration in the quality of the 
transmission signal. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
an optical transmission system capable of achieving signal 
transmission with less distortion by suppressing an instantaneous 
amplitude increase of a frequency-multiplexed signal and 
preventing an instantaneous quality deterioration of a 
transmission signal. 



A first aspect of the present invention is directed to a 
system for optically transmitting a frequency-multiplexed signal 
with a plurality of signals frequency-multiplexed, comprising: 
a detector, provided with the frequency-multiplexed signal, 
outputting a detection signal corresponding to an amplitude 
variation of the frequency-multiplexed signal; an amplitude 
controller adjusting an amplitude of the frequency-multiplexed 
signal by referring to the detection signal outputted from the 
detector, and outputting a suppressed multiplexed signal, which 
is the frequency-multiplexed signal with an instantaneous 
amplitude variation suppressed; a modulator modulating the 
suppressed multiplexed signal outputted from the amplitude 
controller to produce a predetermined modulated signal; a 
multiplexer multiplexing the modulated signal outputted from the 
modulator and the detection signal outputted from the detector 
to produce a multiplexed signal; an optical transmitter 
converting the multiplexed signal outputted from the multiplexer 
into an optical signal; an optical receiver converting the optical 
signal sent from the optical transmitter into an electrical 
signal; a separator separating the modulated signal and the 
detection signal from the electrical signal outputted from the 
optical receiver; a demodulator demodulating the modulated signal 
outputted from the separator to output the suppressed multiplexed 
signal; and an amplitude adjuster adjusting, by referring to the 
detection signal outputted from the sepeorator, an amplitude of 
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the suppressed multiplexed signal output ted from the demodulator 
to output the frequency-multiplexed signal corresponding to the 
frequency-multiplexed signal provided to the detector. 

In general, when the frequency-multiplexed signal is 
modulated to be a predetermined modulated signal for optical 
transmission, the frequency spectrum of the modulated signal may 
be instantaneously increased as the instantaneous amplitude of 
the frequency-multiplexed signal increases. With this 
instantaneous increase in the modulated signal, the frequency 
spectrum of a residual modulated signal even after demodulation 
instantaneously interferes with the frequency-multiplexed 
signal after demodulation , thereby causes deterioration in signal 
quality. 

Further, in the transmission path, the frequency band width 
of the signal that can be transmitted with good quality is 
generally predetermined by design. Therefore, if the 
instantaneous spectrum width of the optical modulated signal to 
be transmitted is increased over the predetermined bandwidth, the 
increased part is clipped or distorted . 

Therefore, in the first aspect , the instantaneous amplitude 
of the frequency-multiplexed signal is detected, and is 
controlled, by referring to the detection signal, so as to become 
moderate. Then, the controlled signal is modulated to be a 
predetermined modulated signal such as angle -modulated signal for 
optical transmission. On the other hand, the detection signal 



is multiplexed with the modulated signal for optical transmission. 
In the receiving side, by referring to the detection signal, the 
amplitude of the frequency-multiplexed signal after demodulation 
is adjusted, and the frequency-multiplexed signal having the same 
instantaneous amplitude variation as that of the original 
frequency-multiplexed signal is reproduced. Thus, it is 
possible to prevent instantaneous quality deterioration of the 
transmission signal with the instantaneous amplitude variation 
of the frequency-multiplexed signal, and achieve 
modulation/demodulation and optical transmission with less 
distortion. 

According to a second aspect, in the first aspect, the 
amplitude controller adjusts an instantaneous amplitude of the 
frequency-multiplexed signal to be held under a predetermined 
value . 

In the second aspect, the instantaneous amplitude variation 
of the frequency-multiplexed signal is detected, and then 
controlled, by referring to the detection signal, so as to be under 
a predetermined value. Then, the detection signal is optically 
transmitted with the frequency-multiplexed signal. In the 
receiving side, the amplitude of the frequency-multiplexed signal 
is adjusted by referring to the detection signal, and the 
frequency-multiplexed signal having the same instantaneous 
amplitude variation as that of the original frequency-multiplexed 
signal is reproduced. It is thus possible to prevent 
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instantaneous quality deterioration of the transmission signal 
due to the instantcmeous amplitude variation of the 
frequency-multiplexed signal and achieve optical transmission 
with extremely less distortion. 

A third aspect is directed to a system for optically 
transmitting a f requency^-multiplexed signal with a plurality of 
signals frequency-multiplexed , comprising : a detector , 
provided with the frequency-multiplexed signal, outputting a 
detection signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 
the detection signal outputted from the detector, and outputting 
a suppressed multiplexed signal, which is the frequency- 
ro^ltipl^xed signal with an instantaneous amplitude variation 
suppressed; a modulator modulating the suppressed m^ltiplexed 
signal outputted from the amplitude controller to produce a 
predetermined modulated signal; a detection signal modulator 
modulating the detection signal outputted from the detector to 
produce a modulated detection signal; a multiplexer multiplexing 
the modulated signal outputted from the modulator and the 
modulated detection signal outputted from the detection signal 
modulator to produce a multiplexed signal; an optical transmitter 
converting the multiplexed signal outputted from the multiplexer 
into an optical signal; an optical receiver converting the optical 
signal sent from the optical transmitter into an electrical 



signal; a separator separating the modulated signal and . the 
modulated detection signal from the electrical signal outputted 
from the optical receiver; a demodulator demodulating the 
modulated signal outputted from the separator to output the 
suppressed multiplexed signal; a detection signal demodulator 
demodulating the modulated detection signal outputted from the 
separator to output the detection signal; and an amplitude 
adjuster adjusting, by referring to the detection signal 
outputted from the detection signal demodulator, an amplitude of 
the suppressed multiplexed signal outputted from the demodulator 
to output the frequency-multiplexed signal corresponding to the 
frequency-multiplexed signal provided to the detector. 

In the third aspect, the instantaneous amplitude variation 
of the frequency-multiplexed signal is detected, and then 
controlled, by referring to the detection signal, so as to become 
moderate. The controlled signal is then modulated to be a 
predetermined modulated signal for optical transmission. On the 
other hand, the detection signal is moderated to be a second 
modulated signal (modulated detection signal), and multiplexed 
with the modulated signal. In the receiving side, by referring 
to the detection signal obtained by demodulating the second 
modulated signal, the amplitude of the frequency-multiplexed 
signal after optical transmission and demodulation is adjusted, 
and the frequency-multiplexed signal having the same 
instantaneous amplitude variation as that of the original 



frequency-multiplexed signal is reproduced. It is thus possible 
to prevent instantaneous quality deterioration of the 
transmission signal due to the instantaneous amplitude variation 
of the frequency-multiplexed signal and achieve more flexible 
modulation/demodulation and optical transmission with less 
distortion. 

According to a fourth aspect, in the third aspect, the 
amplitude controller adjusts an instantaneous amplitude of the 
frequency-multiplexed signal to be held under a predetermined 
value . 

According to a fifth aspect, in the third aspect, an entire 
or part of an occupied frequency band of the modulated detection 
signal outputted from the detection signal modulator is different 
from an occupied frequency band of the modulated signal 
multiplexed in the multiplexer. 

In the fifth aspect , one or both of the carrier frequencies 
of the modulated signal and the modulated detection signal are 
set to appropriated values so as to avoid overlap between the 
occupied frequency bands of the modulated signal and the modulated 
detection signal. It is thus possible to prevent quality 
deterioration of a transmission signal due to interference 
between these two signals and achieve high-quality optical 
transmission. 

A sixth aspect is directed to a system for optically 
transmitting a frequency -multiplexed signal with a plurality of 
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signals frequency-multiplexed, comprising: a detector, 
provided with the frequency-multiplexed signal, outputting a 
detection signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; a modulator, provided with the 
frequency-multiplexed signal and the detection signal, 
modulating the frequency-multiplexed signal with a carrier to 
produce a predetermined modulated signal and changing a 
predetermined parameter of the modulated signal by referring to 
the detection signal; an optical transmitter converting the 
modulated signal outputted from the modulator into an optical 
signal; an optical receiver converting the optical signal sent 
from the optical transmitter into an electrical signal; a 
demodulator demodulating the electrical signal outputted from the 
optical receiver to output the frequency-multiplexed signal. 

In the sixth aspect, instantaneous amplitude variation of 
the frequency-multiplexed signal is detected. By referring to 
the detection signal, a predetexroined parameter in the modulated 
signal is controlled and changed. Thus, instantaneous spectrum 
interference by residual modulated signal components due to 
instantaneous amplitude variation of the frequency-multiplexed 
signal can be prevented. It is thus possible to prevent 
instantaneous quality deterioration of a transmission signal and 
achieve modulation/demodulation and optical transmission with 
simple structure and less distortion. 

According to a seventh aspect, in the sixth aspect, the 
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predetermined parameter changed by the modulator is a carrier 
frequency of the modulated signal. 

In the seventh aspect, the instantaneous amplitude 
variation of the frequency-multiplexed signal is detected. By 
referring to the detection signal, the carrier frequency of the 
modulated signal is controlled. Thus, instantaneous spectrum 
interference by residual modulated signal components due to 
instantaneous amplitude variation of the frequency-multiplexed 
signal can be prevented. It is thus possible to prevent 
instantaneous quality deterioration of a transmission signal and 
achieve modulation/demodulation and optical transmission with 
simple structure and less distortion. 

According to an eighth aspect, in the seventh aspect, the 
modulator increases the carrier frequency of the modulated signal 
as an instantaneous amplitude of the frequency-multiplexed signal 
increases , and the modulator decreases the carrier frequency of 
the modulated signal as the instantaneous amplitude of the 
frequency-multiplexed signal decreases. 

In the eighth aspect , the carrier frequency of the modulated 
signal is set higher as the instantaneous eimplitude of the 
frequency-multiplexed signal increases. It is thus possible to 
eliminate interference from the frequency spectrum of the 
residual modulated signal with the demodulated signal and achieve 
high-<3uality optical transmission. 

According to a ninth aspect, in the sixth aspect, the 
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predetermined parameter changed by the modulator is frequency 
modulation efficiency of the modulated signal. 

In the ninth aspect, the instantaneous amplitude variation 
of the frequency-multiplexed signal is detected. By referring 
to the detection signal, the frequency modulation efficiency of 
the modulated signal is controlled. Thus, instantaneous 
spectrum interference by residual modulated signal components due 
to instantaneous amplitude variation of the frequency- 
inultiplexed signal can be prevented. It is thus possible to 
prevent instantaneous quality deterioration of a transmission 
signal and achieve modulation/demodulation and optical 
transmission with simple structure and less distortion. 

According to a tenth aspect, in the ninth aspect, the 
modulator decreases the frequency modulation efficiency of the 
modulated signal as an instantaneous amplitude of the 
frequency-multiplexed signal increases, and the modulator 
increases the frequency modulation efficiency of the modulated 
signal as the instantaneous amplitude of the frequency- 
multiplexed signal decreases. 

In the tenth aspect, the frequency modulation efficiency 
of the modulated signal is set be decreased as the instantaneous 
^Plitude of the frequency-multiplexed signal increases. It is 
thus possible to eliminate interference from the frequency 
spectrum of the residual modulated signal with the demodulated 
signal and achieve high-quality optical transmission. 
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An eleventh aspect is directed to a system for optically 
transmitting a frequency-multiplexed signal with a plurality of 
signals frequency-multiplexed. comprising: a detector, 
provided with the frequency-multiplexed signal, outputting a 
detection signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 
the detection signal outputted from the detector, and outputting 
a suppressed multiplexed signal, which is the frequency- 
multiplexed signal with an instantaneous amplitude variation 
suppressed; a multiplexer multiplexing the suppressed 
multiplexed signal outputted from the amplitude controller and 
the detection signal outputted from the detector to produce a 
multiplexed signal; a modulator modulating the multiplexed signal 
outputted from the multiplexer to produce a predetermined 
modulated signal; an optical transmitter converting the modulated 
signal outputted from the modulator into an optical signal; an 
optical receiver converting the optical signal sent from the 
optical transmitter into an electrical signal; a demodulator 
demodulating the electrical signal outputted from the optical 
receiver to produce a demodulated signal; a separator separating 
the suppressed multiplexed signal and the detection signal from 
the demodulated signal outputted from the demodulator; and an 
amplitude adjuster adjusting, by referring to the detection 
signal outputted from the separator, an amplitude of the 
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suppressed multiplexed signal outputted from the separator to 
output the frequency-multiplexed signal corresponding to the 
frequency-multiplexed signal provided to the detector. 

In the eleventh aspect, the instantaneous amplitude 
variation of the frequency-multiplexed signal is detected, and 
then controlled, by referring to the detection signal, so as to 
become moderate. The detection signal is then multiplexed with 
the frequency-multiplexed signal, and then modulated to be a 
predetermined modulated signal for optical transmission. In the 
receiving side, a signal obtained by multiplexing the 
frequency-multiplexed signal and the detection signal is 
demodulated. By referring to the demodulated detection signal, 
the amplitude of the frequency-multiplexed signal is adjusted to 
reproduce the frequency-multiplexed signal having the same 
instantaneous amplitude variation as that of the original 
frequency-multiplexed signal. It is thus possible to prevent 
instantaneous quality deterioration of a transmission signal due 
to the instantaneous amplitude variation of the frequency- 
""iltiplexed signal and achieve modulation /demodulation and 
optical transmission with extremely less distortion. 

According to a twelfth aspect, in the eleventh aspect, the 
amplitude controller adjusts an instantaneous amplitude of the 
frequency-multiplexed signal to be held under a predetermined 
value . 

A thirteenth aspect is directed to a system for optically 
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transmitting a frequency-multiplexed signal with a plurality of 
signals frequency-multiplexed, comprising: a detector, 
provided with the frequency-multiplexed signal, outputting a 
detection signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 
the detection signal output ted from the detector, and outputting 
a suppressed multiplexed signal, which is the frequency- 
multiplexed signal with an instantaneous amplitude variation 
suppressed; a phase adjuster adjusting a phase of the detection 
signal outputted from the detector to produce a phase -adjusted 
detection signal; a multiplexer multiplexing the suppressed 
multiplexed signal outputted from the amplitude controller and 
the phase-adjusted detection signal outputted from the phase 
adjuster to produce a multiplexed signal; a modulator modulating 
the multiplexed signal outputted from the multiplexer to produce 
a predetermined modulated signal; an optical transmitter 
converting the modulated signal outputted from the modulator into 
an optical signal; an optical receiver converting the optical 
signal sent from the optical transmitter into an electrical 
signal; a demodulator demodulating the electrical signal 
outputted from the optical receiver; a separator separating the 
suppressed multiplexed signal and the phase-adjusted detection 
signal from the electrical signal outputted from the demodulator; 
a phase reproducer adjusting a phase of the phase-adjusted 



detection signal outputted the separator to output the detection 
signal before the phase thereof is adjusted; and an amplitude 
adjuster adjusting, by referring to the detection signal 
outputted from the phase reproducer, an amplitude of the 
suppressed multiplexed signal outputted from the separator to 
output the frequency-multiplexed signal corresponding to the 
frequency-multiplexed signal provided to the detector. 

In the thirteenth aspect, the instantaneous amplitude 
variation of the frequency -multiplexed signal is detected, and 
then controlled, by referring to the detection signal, so as to 
become moderate. The phase-adjusted detection signal is then 
multiplexed with the frequency-multiplexed signal, and then 
modulated to be a predetermined modulated signal for optical 
transmission. In the receiving side, a signal obtained by 
multiplexing the frequency-multiplexed signal and the phase- 
adjusted detection signal is demodulated. By referring to the 
phase-reproduced detection signal, the amplitude of the 
frequency-multiplexed signal is adjusted to reproduce the 
frequency-multiplexed signal having the same instantaneous 
^Plitude variation as that of the original frequency-multiplexed 
signal. It is thus possible to prevent instantaneous quality 
deterioration of a transmission signal due to the instantaneous 
^Plitude variation of the frequency-multiplexed signal and 
achieve modulation/demodulation and optical transmission with 
less distortion. 
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According to a fourteenth aspect , in the thirteenth aspect , 
the amplitude controller adjusts an instantaneous amplitude of 
the frequency-multiplexed signal to be held under a predetermined 
value . 

According to a fifteenth aspect , in the thirteenth aspect , 
the phase adjuster adjusts the phase of the detection signal so 
that instantaneous amplitude variations of the suppressed 
multiplexed signal and the detection signal multiplexed in the 
multiplexer are opposite in polarity . 

In the fifteenth aspect, the phase of the detection signal 
is adjusted so that the instantaneous amplitude variations of the 
frequency-multiplexed signal and the detection signal 
multiplexed in the multiplexer are opposite in polarity. That 
is. the phase of the detection signal is adjusted so that the 
instantaneous amplitude of the detection signal is decreased as 
that of the frequency-multiplexed signal increases , and vice 
versa. After such adjustment, the detection signal is optically 
transmitted with the frequency-multiplexed signal. The 
instantaneous amplitude variation of the optical transmission 
signal is thus suppressed, and optical transmission with less 
distortion can be achieved. 

A sixteenth aspect is directed to a system for optically 
transmitting a frequency-multiplexed signal with a plurality of 
signals frequency-multiplexed, comprising: a detector, 
provided with the frequency-multiplexed signal, outputting a 



detection signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 
the detection signal outputted from the detector, and outputting 
a suppressed multiplexed signal, which is the frequency- 
multiplexed signal with an instantaneous amplitude variation 
suppressed; a detection signal modulator modulating the detection 
signal outputted from the detector to produce a modulated 
detection signal; a multiplexer multiplexing the suppressed 
multiplexed signal outputted from the amplitude controller and 
the modulated detection signal outputted from the detection 
signal modulator to produce a multiplexed signal; a modulator 
modulating the multiplexed signal outputted from the multiplexer 
to produce a predetermined modulated signal; an optical 
transmitter converting the modulated signal outputted from the 
modulator into an optical signal; an optical receiver converting 
the optical signal sent from the optical transmitter into an 
electrical signal; a demodulator demodulating the electrical 
signal outputted from the optical receiver to produce a 
demodulated signal; a separator separating the suppressed 
multiplexed signal and the modulated detection signal from the 
demodulated signal outputted from the demodulator; a detection 
signal demodulator demodulating the modulated detection signal 
outputted from the separator to output the detection signal; cm 
amplitude adjuster adjusting, by referring to the detection 
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signal output ted from the detection signal demodulator, an 
amplitude of the suppressed multiplexed signal outputted from the 
separator to output the frequency-multiplexed signal 
corresponding to the frequency-multiplexed signal provided to the 
detector. 

In the sixteenth aspect, the Instantaneous amplitude 
variation of the frequency-multiplexed signal is detected, and 
then controlled, by referring to the detection signal, so as to 
become moderate. The detection signal is then modulated to be 
a second modulated signal (modulated detection signal). The 
second modulated signal is multiplexed with the frequency- 
multiplexed signal, and then modulated into a predetermined 
modulated signal for optical transmission • In the receiving side , 
a signal obtained by multiplexing the frequency-multiplexed 
signal and the modulated detection signal is demodulated. By 
referring to the detection signal obtained by demodulating the 
modulated detection signal, the amplitude of the frequency- 
multiplexed signal is adjusted to reproduce the frequency- 
multiplexed signal having the seune Instantaneous amplitude 
variation as that of the original frequency-multiplexed signal. 
It is thus possible to prevent instantaneous quality 
deterioration of a transmission signal due to the Instantaneous 
amplitude variation of the frequency-multiplexed signal and 
achieve modulation/demodulation and optical transmission with 
more flexibility and less distortion. 
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According to a seventeenth aspect, in the sixteenth aspect^ 
the amplitude controller adjusts an instantaneous amplitude of 
the frequency-multiplexed signal to be held under a predetermined 
value . 

According to an eighteenth aspect, in the sixteenth aspect, 
an entire or part of an occupied frequency band of the modulated 
detection signal outputted from the detection signal modulator 
is different from an occupied frequency band of the suppressed 
multiplexed signal obtained in the multiplexer. 

In the eighteenth aspect, one or both of the carrier 
frequencies of the frequency-multiplexed signal and the modulated 
detection signal are set to appropriated values so as to avoid 
overlap between the occupied frequency bands of the 
frequency-multiplexed signal and the modulated detection signal . 
It is thus possible to prevent quality deterioration of a 
trransmission signal due to interference between these two signals 
and achieve high-quality optical transmission. 

A nineteenth aspect is directed to a system for optically 
transmitting a frequency-multiplexed signal with a plurality of 
signals frequency-multiplexed, comprising: a detector, 
provided with the frequency-multiplexed signal, outputting a 
detection signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 
tlie detection signal outputted from the detector, and outputting 

24 



a suppressed multiplexed signal, which is the frequency- 
multiplexed signal with an instantaneous amplitude variation 
suppressed; a phase adjuster adjusting a phase of the detection 
signal outputted from the detector to produce a phase -adjusted 
detection signal; a detection signal modulator modulating the 
phase-adjusted detection signal outputted from the phase adjuster 
to produce a modulated detection signal; a multiplexer 
multiplexing the suppressed multiplexed signal outputted from the 
amplitude controller and the modulated detection signal outputted 
from the detection signal modulator to produce a multiplexed 
signal; a modulator modulating the multiplexed signal to produce 
a predetermined modulated signal; an optical transmitter 
converting the modulated signal outputted from the modulator into 
an optical signal; an optical receiver converting the optical 
signal sent from the optical transmitter into an electrical 
signal; a demodulator demodulating the electrical signal 
outputted from the optical receiver to produce a demodulated 
signal; a separator separating the suppressed multiplexed signal 
and the modulated detection signal from the demodulated signal 
outputted from the demodulator; a detection signal demodulator 
demodulating the modulated detection signal outputted from the 
separator to output the phase-adjusted detection signal before 
modulation; a phase rejproducer adjusting a phase of the 
phase -adjusted detection signal outputted from the detection 
signal demodulator to output the detection signal before phase 



adjustment; and an amplitude adjuster adjusting, by referring to 
the detection signal output ted from the phase reproducer, an 
amplitude of the suppressed multiplexed signal outputted from the 
separator to output the frequency-multiplexed signal 
corresponding to the frequency-multiplexed signal provided to the 
detector . 

In the nineteenth aspect, the instantaneous amplitude 
variation of the frequency-multiplexed signal is detected, and 
then controlled, by referring to the detection signal, so as to 
become moderate. The phase -adjusted detection signal is then 
modulated to be a second modulated signal (modulated detection 
signal). The second modulated signal is multiplexed with the 
frequency-multiplexed signal, and then modulated into a 
predetermined modulated signal for optical transmission. In the 
receiving side, a signal obtained by multiplexing the 
frequency-multiplexed signal and the detection signal is 
demodulated. By referring to the detection signal obtained by 
demodulating the modulated detection signal and then adjusting 
the phase thereof, the amplitude of the frequency-multiplexed 
signal is adjusted to reproduce the frequency-multiplexed signal 
having the same instantaneous amplitude variation as that of the 
original frequency-multiplexed signal. It is thus possible to 
prevent instantaneous quality deterioration of a transmission 
signal due to the instantaneous amplitude variation of the 
frequency-multiplexed signal and achieve 



modulation/demodulation and optical transmission with more 
flexibility and less distortion. 

According to a twentieth aspect , In the nineteenth aspect , 
the amplitude controller adjusts an Instantaneous amplitude of 
the frequency-multiplexed signal to be held under a predetermined 
value . 

According to a twenty-first aspect. In the nineteenth 
aspect, an entire or part of an occupied frequency band of the 
modulated detection signal outputted from the detection signal 
modulator Is different from an occupied frequency band of the 
suppressed multiplexed signal obtained In the multiplexer. 

According to a twenty- second aspect. In the nineteenth 
aspect, the phase adjuster adjusts the phase of the detection 
signal so that Instantaneous amplitude variations of the 
suppressed multiplexed signal and the modulated detection signal 
multiplexed In the multiplexer are opposite In polarity. 

A twenty- third aspect Is directed to a system for optically 
transmitting a frequency-multiplexed signal with a plurality of 
signals frequency-multiplexed, comprising: a detector, 
provided with the frequency-multiplexed signal , outputtlng a 
detection signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 
the detection signal outputted from the detector, and outputtlng 
a suppressed multiplexed signal, which Is the frequency- 
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multiplexed signal with an instantaneous amplitude variation 
suppressed; a multiplexer multiplexing the suppressed 
multiplexed signal outputted from the amplitude controller and 
the detection signal outputted from the detector to produce a 
multiplexed signal; an optical transmitter converting the 
multiplexed signal outputted from the multiplexer into an optical 
signal; an optical receiver converting the optical signal sent 
from the optical transmitter into an electrical signal; a 
separator separating the suppressed multiplexed signal and the 
detection signal from the electrical signal outputted from the 
optical receiver; and an amplitude adjuster adjusting, by 
referring to the detection signal outputted from the separator, 
an amplitude of the suppressed multiplexed signal outputted from 
the separator to output the frequency-multiplexed signal 
corresponding to the frequency-multiplexed signal provided to the 
detector . 

In general, when the frequency-multiplexed signal is 
modulated to be a predetermined modulated signal for optical 
tremsmission, clipping occurs at a threshold in input -current -to 
output -optical-intensity characteristics of a laser due to the 
instantaneous amplitude increase of the frequency-multiplexed 
signal. Waveform distortion due to such clipping produces 
deterioration in transmission signal quality. 

Therefore, in the twenty- third aspect, the instantaneous 
amplitude of the frequency-multiplexed signal is detected, and 
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is controlled, by referring to the detection signal, so as to 
become moderate. Then, the detection signal is multiplexed with 
the frequency-multiplexed signal, and then modulated to be a 
predetermined optical modulated signal for optical transmission. 
In the receiving side, by referring to the detection signal, the 
amplitude of the frequency-multiplexed signal after optical 
transmission is adjusted, and the frequency-multiplexed signal 
having the same instantaneous amplitude variation as that of the 
original frequency-multiplexed signal is reproduced. Thus, it 
is possible to prevent instantaneous quality deterioration of the 
transmission signal with the instantaneous amplitude variation 
of the frequency-multiplexed signal, and achieve 
modulation/demodulation and optical transmission with less 
distortion. 

According to a twenty-fourth aspect, in the twenty- third 
aspect , the amplitude controller adjusts an instantaneous 
amplitude of the frequency-multiplexed signal to be held under 
a predetermined value. 

A twenty-fifth aspect is directed to a system for optically 
transmitting a frequency-multiplexed signal with a plurality of 
signals frequency-multiplexed, comprising: a detector, 
provided with the frequency-multiplexed signal, output ting a 
detection signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 



the detection signal output ted from the detector, and outputting 
a suppressed multiplexed signal, which is the frequency- 
multiplexed signal with an instantaneous amplitude variation 
suppressed; a phase adjuster adjusting a phase of the detection 
signal outputted from the detector to produce a phase -adjusted 
detection signal; a multiplexer multiplexing the suppressed 
multiplexed signal outputted from the amplitude controller and 
the phase -adjusted detection signal outputted from the phase 
adjuster to produce a multiplexed signal; an optical transmitter 
converting the multiplexed signal outputted from the multiplexer 
into an optical signal; an optical receiver converting the optical 
signal sent from the optical transmitter into an electrical 
signal; a separator separating the suppressed multiplexed signal 
and the phase-adjusted detection signal from the electrical 
signal outputted from the optical receiver; a phase reproducer 
adjusting a phase of the phase -adjusted detection signal 
outputted from the separator to output the detection signal before 
phase adjustment; and an eunplitude adjuster adjusting, by 
referring to the detection signal outputted from the phase 
reproducer, an amplitude of the suppressed multiplexed signal 
outputted from the separator to output the frequency-multiplexed 
signal corresponding to the frequency-multiplexed signal 
provided to the detector. 

In the twenty-fifth aspect, the instantaneous amplitude 
variation of the frequency-multiplexed signal is detected, and 
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then controlled, by referring to the detection signal, so as to 
be under a predetermined value. Then, the phase -adjusted 
detection signal is multiplexed with the frequency-multiplexed 
signal, and modulated to be an optical modulated signal for 
optical transmission. In the receiving side, the amplitude of 
the frequency-multiplexed signal after optical transmission is 
adjusted by referring to the phase -reproduced detection signal, 
and the frequency -multiplexed signal having the same 
instantaneous amplitude variation as that of the original 
frequency-multiplexed signal is reproduced. It is thus possible 
to prevent instantaneous quality deterioration of the 
transmission signal due to the instantaneous amplitude variation 
of the frequency-multiplexed signal and achieve optical 
transmission with less distortion. 

According to a twenty-sixth aspect, in the twenty-fifth 
aspect, the amplitude controller adjusts an instantaneous 
amplitude of the frequency-multiplexed signal to be held under 
a predetermined value. 

According to a twenty- seventh aspect, in the twenty-fifth 
aspect, the phase adjuster adjusts the phase of the detection 
signal so that instantaneous amplitude variations of the 
suppressed multiplexed signal and the detection signal 
multiplexed in the multiplexer are opposite in polarity. 

In the twenty- seventh aspect, the phase of the detection 
signal is adjusted so that the instantaneous amplitude variations 



of the frequency-multiplexed signal and the detection signal 
"multiplexed in the multiplexer are opposite in polarity. That 
is, the phase of the detection signal is adjusted so that the 
instantaneous amplitude of the detection signal is decreased as 
that of the frequency-multiplexed signal increases, and vice 
versa. After such adjustment, the detection signal is optically 
transmitted with the frequency-multiplexed signal. The 
instantaneous amplitude variation of the optical transmission 
signal is thus suppressed, and optical transmission with less 
distortion can be achieved. 

A twenty-eighth aspect is directed to a system for optically 
transmitting a frequency-multiplexed signal with a plurality of 
signals frequency-multiplexed, comprising: a detector, provided 
with the frequency-multiplexed signal, outputting a detection 
signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 
thte detection signal output ted from the detector, and outputting 
a suppressed multiplexed signal, which is the frequency- 
multiplexed signal with an instantaneous amplitude variation 
suppressed; a detection signal modulator modulating the detection 
signal outputted from the detector to produce a modulated 
detection signal; a multiplexer multiplexing the suppressed 
multiplexed signal outputted from the amplitude controller and 
tlie modulated detection signal outputted from the detection 
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signal modulator to produce a multiplexed signal; an optical 
transmitter converting the multiplexed signal outputted from the 
multiplexer into an optical signal; an optical receiver 
converting the optical signal sent from the optical transmitter 
into an electrical signal; a separator separating the suppressed 
multiplexed signal and the modulated detection signal from the 
electrical signal outputted from the optical receiver; a 
detection signal demodulator demodulating the modulated 
detection signal outputted from the separator to output the 
detection signal; and an amplitude adjuster adjusting, by 
referring to the detection signal outputted from the detection 
signal demodulator, an amplitude of the suppressed multiplexed 
signal outputted from the separator to output the frequency- 
multiplexed signal corresponding to the frequency-multiplexed 
signal provided to the detector. 

In the twenty-eighth aspect, the instantaneous amplitude 
of the frequency-multiplexed signal is detected, and is 
controlled, by referring to the detection signal, so as to become 
moderate. Then, the detection signal is modulated to be a second 
modulated signal (modulated detection signal) , and then 
multiplexed with the frequency-multiplexed signal for optical 
transmission. In the receiving side, by referring to the 
detection signal obtained by demodulating the second modulated 
signal, the amplitude of the frequency-multiplexed signal is 
adjusted, and the frequency-multiplexed signal having the same 



Instantcineous amplitude variation as that of the original 
frequency-multiplexed signal is reproduced. Thus, it is 
possible to prevent instsuitaneous quality deterioration of the 
transmission signal with the instantaneous amplitude variation 
of the frequency-multiplexed signal, and achieve 
modulation/demodulation and optical transmission with more 
flexibility and less distortion. 

According to a twenty-ninth aspect, in the twenty-eighth 
aspect, the amplitude controller adjusts an instantaneous 
amplitude of the frequency-multiplexed signal to be held under 
a predetermined value. 

According to a thirtieth aspect, in the twenty- eighth 
aspect, an entire or part of an occupied frequency band of the 
modulated detection signal outputted from the detection signal 
modulator is different from an occupied frequency band of the 
suppressed multiplexed signal obtained in the multiplexer, 

A thirty-first aspect is directed to a system for optically 
transmitting a frequency-multiplexed signal with a plurality of 
signals frequency-multiplexed, comprising: a detector, provided 
with the frequency-multiplexed signal, outputting a detection 
signal corresponding to an amplitude variation of the 
frequency-multiplexed signal; an amplitude controller adjusting 
an amplitude of the frequency-multiplexed signal by referring to 
the detection signal outputted from the detector, and outputting 
a suppressed multiplexed signal, which is the frequency- 
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multiplexed signal with an instantcineous amplitude variation 
suppressed; a phase adjuster adjusting a phase of the detection 
signal output ted from the detector to produce a phase -adjusted 
detection signal; a detection signal modulator modulating the 
phase -adjusted detection signal outputted from the phase adjuster 
to produce a modulated detection signal; a multiplexer 
multiplexing the suppressed multiplexed signal outputted from the 
amplitude controller and the modulated detection signal outputted 
from the detection signal modulator to produce a multiplexed 
signal; an optical transmitter converting the multiplexed signal 
outputted from the multiplexer into an optical signal; an optical 
receiver converting the optical signal sent from the optical 
transmitter into an electrical signal; a sepeirator separating the 
suppressed multiplexed signal and the modulated detection signal 
from the electrical signal outputted from the optical receiver; 
a detection signal demodulator demodulating the modulated 
detection signal outputted from the separator to output the 
phase-adjusted detection signal; a phase reproducer adjusting a 
phase of the phase-adjusted detection signal outputted the 
detection signal demodulator to output the detection signal 
before phase adjustment; and an amplitude adjuster adjusting, by 
referring to the detection signal outputted from the phase 
reproducer , an amplitude of the suppressed multiplexed signal 
outputted from the separator to output the frequency-multiplexed 
signal corresponding to the frequency-multiplexed signal 
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provided to the detector. 

In the thirty-first aspect, the instantaneous eunplitude of 
the frequency-multiplexed signal is detected, and is controlled, 
by referring to the detection signal, so as to become moderate. 
Then, the phase -adjusted detection signal is modulated to be a 
second modulated signal (modulated detection signal), 
multiplexed with the frequency-multiplexed signal, and then 
modulated to be an optical modulated signal for optical 
transmission. In the receiving side, by referring to the 
detection signal obtained by demodulating the modulated detection 
signal and reproducing the phase thereof, the amplitude of the 
frequency-multiplexed signal is adjusted, and the frequency- 
inultiplexed signal having the same instantaneous amplitude 
variation as that of the original frequency-multiplexed signal 
is reproduced. Thus, it is possible to prevent instantaneous 
quality deterioration of the transmission signal with the 
instantaneous amplitude variation of the frequency-multiplexed 
signal, and achieve modulation/demodulation euid optical 
transmission with more flexibility and less distortion. 

According to a thirty-second aspect, in the thirty-first 
aspect, the amplitude controller adjusts an instantaneous 
amplitude of the frequency-multiplexed signal to be held under 
a predetermined value. 

According to a thirty- third aspect, in the thirty-first 
aspect , an entire or part of an occupied frequency band of the 



modulated detection signal outputted from the detection signal 
modulator is different from an occupied frequency band of the 
suppressed multiplexed signal obtained in the multiplexer. 

According to a thirty-fourth aspect, in the thirty-first 
aspect, the phase adjuster adjusts the phase of the detection 
signal so that instantaneous amplitude variations of the 
suppressed multiplexed signal and the modulated detection signal 
multiplexed in the multiplexer are opposite in polarity. 

These and other objects, features, aspects and advantages 
of the present invention will become more apparent from the 
following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration of an 
optical transmission system according to a first embodiment of 
the present invention; 

FIG, 2 is a graph showing one example of frequency 
distribution when a detection signal and a modulated signal are 
multiplexed in a second multiplexer of FIG. 1; 

FIG. 3 is a block diagram showing the configuration of an 
optical transmission system according to a second embodiment of 
the present invention; 

FIG. 4 is a block diagram showing the configuration of an 
optical transmission system according to ja third embodiment of 
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tlie present Invention; 

FIG. 5 Is a block diagram showing the configuration of an . 
optical transmission system according to a fourth embodiment of 
the present invention; 
5 FIG. 6 is a block diagram showing the configuration of an 

optical transmission system according to a fifth embodiment of 
the present invention; 

FIG. 7A is a graph Illustrating the waveform of a 
frequency-multiplexed signal on a time axis; 
10 FIG. 7B is a graph illustrating^ on a time axis , the waveform 

of a frequency-multiplexed signal outputted from an amplitude 
controller 102 with insteintaneous amplitude variation 
suppressed; 

FIG. 7C is a graph illustrating, on a time axis, the waveform 
15 of the detection signal outputted from a phase adjuster 612 after 
lt:s phase adjusted; 

FIG. 8 is a block diagram showing the configuration of an 
optical transmission system according to a sixth embodiment of 
th.e present invention; 
20 FIG. 9 is a block diagram showing the configuration of an 

optical transmission system according to a seventh embodiment of 
tlie present invention; 

FIG. 10 is a block diagram showing the configuration of an 
optical transmission system according to an eighth embodiment of 
.25 tlxe present invention; 



FIG. 11 Is a block diagram showing the configuration of an 
optical transmission system according to a ninth embodiment of 
the present Invention; 

FIG. 12 Is a block diagram showing the configuration of an 
optical transmission system according to a tenth embodiment of 
the present Invention; 

FIG. 13 Is a block diagram showing the configuration of an 
optical transmission system according to an eleventh embodiment 
of the present Invention; 

FIG. 14 Is a block diagram showing an optical transmission 
system of a first background art; 

FIG. 15 Is a block diagram showing an optical transmission 
system of a second background art; 

FIG. 16 Is a schematic diagram Illustrating Instantaneous 
amplitude variation of a frequency-multiplexed signal; 

FIG. 17 Is a schematic diagram Illustrating variation In 
frequency spectrum width of a residual modulated signal component 
outputted from a demodulator of FIG. 14 and Its Interference with 
a demodulated signal; and 

FIG. 18 Is a schematic diagram Illustrating clipping of a 
frequency-multiplexed signal In an optical transmitter of FIG. 
15, 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First embodiment) 
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FIG. 1 is a block diagram showing an optical transmission 
system for a frequency -multiplexed signal according to a first 
embodiment of the present Invention. In FIG. 1, the optical 
transmission system Includes a first multiplexer 100 to which a 
plurality of signals having different carrier frequencies are 
supplied; a detector 101 to which a signal output ted from the first 
multiplexer 100 Is supplied; an amplitude controller 102 to which 
the signal from the first multiplexer 100 and a signal outputted 
from the detector 101 are supplied; a modulator 108 to which a 
signal outputted from the amplitude controller 102 is supplied; 
a second multiplexer 103 to which a signal outputted from the 
modulator 108 and the signal from the detector 101 are supplied; 
an optical transmitter 104 to which a signal outputted from the 
second multiplexer 103 is supplied; an optical receiver 105 
receiving an optical signal sent from the optical transmitter 104; 
a separator 106 to which a signal outputted from the optical 
receiver 105 is supplied; a demodulator 109 to which a signal 
outputted from the sepeorator 106 is supplied; and an amplitude 
adjuster 107 to which a signal outputted from the demodulator 109 
and the signal from the separator 106 are supplied. 

Next, the operation of the optical transmission system 
according to the first embodiment shown in FIG. 1 is described. 
The first multiplexer 100 is supplied with a plurality of signals 
having predetermined different ceurrler frequencies from each 
other, and multiplexes these signals to produce a frequency- 
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multiplexed signal* 

The detector 101 detects the cunount of variation in the 
instantaneous amplitude of the frequency-multiplexed signal 
outputted from the first multiplexer 100 . With a known comparator, 
for example, the magnitude of each instantaneous eunplitude of the 
frequency -multiplexed signal is compared with a predetermined 
value for detection. As a result of compeirison, the detector 101 
detects a difference therebetween. The detection result is 
sequentially produced as a detection signal. 

The cunplitude controller 102 is implemented as a variable 
gain amplifier, for example. The amplitude controller 102 
controls the amplitude of the frequency-multiplexed signal 
supplied by the first multiplexer 100 by referring to the 
detection signal. More specifically, the amplitude controller 
102 decreases the gain of the eimplif ier when the instantaneous 
amplitude is large, while increasing when small. It is thus 
possible to control the instantaneous amplitude variation of the 
frequency-multiplexed signal to become moderate and, more ideally, 
under a predetermined value. The frequency-multiplexed signal 
with its instantaneous cunplitude controlled in the above 
described manner is provided to the modulator 108. 

The modulator 108 modulates the frequency-multiplexed 
signal (with its instantaneous amplitude controlled) supplied by 
the amplitude controller 102 to produce a predetermined modulated 
signal such as a frequency modulated (FM) signal and phase 



modulated (PM) signal. 

The second multiplexer 103 multiplexes (more specifically, 
frequency-multiplexes) the modulated signal outputted from the 
modulator 108 and the detection signal outputted from the detector 
101 . FIG. 2 is a graph showing one example of the relation between 
the modulated signal and the detection signal multiplexed on a 
frequency axis. As shown in FIG. 2, the modulated signal cind the 
detection signal are frequency -multiplexed, and a center 
frequency f c of the modulated signal is different from a frequency 
fx of the detection signal. 

The optical transmitter 104 converts the electrical signal 
outputted from the second multiplexer 103 into an optical 
modulated signal. Then, the optical modulated signal is sent to 
an optical transmission path (not shown) , by way of example only, 
with one end thereof connected to the optical transmitter 104. 

The optical receiver 105 is connected to the other end of 
the optical transmission path. The optical receiver 105 receives 
the optical modulated signal transmitted through the optical 
transmission path, and converts the optical modulated signal into 
an electrical signal. The separator 106 receives the electrical 
signal from the optical receiver 105, and separates, from the 
electrical signal, the modulated signal equivalent to that from 
the modulator 108 and the detection signal equivalent to that from 
the detector 101. The demodulator 109 demodulates the modulated 
signal outputted from the separator 106 to reproduce the 



frequency-multiplexed signal equivalent to that outputted from 
th.e cimplitude controller 102, 

Similar to the amplitude controller 102^ the amplitude 
adjuster 107 is implemented as, by way of example only, a variable 
gain amplifier. The amplitude adjuster 107 adjusts the 
controlled instantaneous amplitude of the frequency-multiplexed 
signal outputted from the demodulator 109. More specifically, 
by referring to the detection signal outputted from the separator 
106, the amplitude adjuster 107 increases or decreases the gain 
of the amplifier so that the controlled instantaneous amplitude 
of the frequency -multiplexed signal recovers to the instanteuieous 
amplitude thereof before control. Thus, the eonplitude adjuster 
107 can output the frequency-multiplexed signal with 
instantaneous amplitude variations similar or ideally equal to 
those of the frequency-multiplexed signal outputted from the 
first multiplexer 100. 

As described above, in the optical transmission system of 
FIG. 1, the frequency-multiplexed signal is converted with its 
instantaneous amplitude variation components suppressed to be a 
modulated signal such as an FM modulated signal. The modulated 
signal is optically transmitted, demodulated, and provided with 
the instantaneous amplitude variation components to reproduce the 
original frequency-multiplexed signal. It is thus possible to 
ease instantaneous variations in the frequency spectrum width of 
the modulated signal outputted from the modulator 108 . Therefore , 
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±t is also possible at demodulation to ease instantaneous 
variations in the frequency spectrum width of the residual 
modulated signal components included in the output signal from 
the demodulator 109. Thus, instantaneous interference of the 
residual modulated signal with the demodulated signal can be 
suppressed. Moreover, since the instantaneous frequency 
spectrum width of the modulated signal to be transmitted through 
the optical transmission path does not increase over the bandwidth 
predetermined by design, clipping of the frequency spectrum or 
distortion of the demodulated signal does not occur. Therefore, 
the optical transmission system of FIG. 1 can realize signal 
transmission with good linearity and less distortion. 
(Second embodiment) 

FIG. 3 is a block diagram showing an optical transmission 
system for a frequency -multiplexed signal according to a second 
embodiment of the present invention. In FIG. 3, the optical 
transmission system includes the first multiplexer 100 to which 
a plurality of signals having different carrier frequencies are 
supplied; the detector 101 to which a signal outputted from the 
first multiplexer 100 is supplied; the amplitude controller 102 
to which the signal from the first multiplexer 100 and a signal 
outputted from the detector 101 are supplied; the modulator 108 
to which a signal outputted from the amplitude controller 102 is 
supplied; a detection signal modulator 310 to which the signal 
from the detector 101 is supplied; the second multiplexer 103 to 



which a signal outputted from the modulator 108 and a signal from 
the detection signal modulator 310 cire supplied; the optical 
transmitter 104 to which a signal outputted from the second 
multiplexer 103 Is supplied; the optical receiver 105 receiving 
an optical signal sent from the optical transmitter 104; the 
separator 106 to which a signal outputted from the optical 
receiver 105 is supplied; the demodulator 109 to which a signal 
outputted from the separator 106 Is supplied; a detection signal 
demodulator 311 to which the signal from the separator 106 is 
supplied; and the amplitude adjuster 107 to which a signal 
outputted from the demodulator 109 and a signal from the detection 
signal demodulator 311 are supplied. 

The second embodiment is different from the first 
embodiment in that the detection signal modulator 310 and the 
detection signal demodulator 311 are newly provided. The other 
components having the same functions as those in the first 
embodiment are provided with the same reference numerals, and 
their description is simplified herein « Mainly described below 
is the difference from the first embodiment. 

In the above first embodiment, the detection signal 
outputted from the detector 101 is not modulated but directly is 
multiplexed with the modulated signal outputted from the 
modulator 108. However, in the second embodiment, the detection 
signal outputted from the detector 101 is modulated by the 
detection signal modulator 310 to be a modulated detection signal 
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having a predetermined carrier frequency. Then, the second 
multiplexer 103 multiplexes the modulated signal and the 
modulated detection signal to produce a multiplexed signal. This 
multiplexed signal is converted into an optical signal by the 
optical transmitter 104 for transmission, as in the first 
embodiment • 

The optical receiver 105 receives the transmitted optical 
signal, and converts the seune into an electrical signal. The 
separator 106 separates the modulated detection signal and the 
modulated signal from the received electrical signal. The 
detection signal demodulator 311 demodulates the modulated 
detection signal to produce the detection signal, and supplies 
the same to the amplitude adjuster 107. The amplitude adjuster 
107 reproduces the instantaneous amplitude of the frequency- 
multiplexed signal using the demodulated detection signal, as in 
the first embodiment. 

As described above, in the optical transmission system of 
FIG. 3, the detection signal is modulated to be a modulated 
detection signal having a predetermined carrier frequency, and 
then multiplexed with the modulated signal obtained by modulating 
the original frequency-multiplexed signal. It is therefore 
possible to distribute the detection signal in an optimal 
frequency band that is an arbitrary frequency apart from the 
center frequency of the modulated signal. 

For example, in FIG. 2, the frequency fx of the detection 
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signal is multiplexed at a frequency apart from the center 
frequency fc of the modulated signal In order to avoid 
Interference by the modulated signal components. On the other 
hand, if the detection signal is modulated using a predetermined 
carrier frequency, the frequency fx can be arbitrarily selected. 
Therefore, it is possible to optimally set frequency distribution 
of the detection signal and the modulated signal with more 
flexibility. With this setting. Interference of the residual 
modulated signal components with the demodulated signal can be 
suppressed effectively. Therefore, the optical transmission 
system of FIG. 3 can achieve signal transmission with less 
distortion. 
(Third embodiment) 

FIG. 4 is a block diagram showing an optical transmission 
system for a frequency-multiplexed signal according to a third 
embodiment of the present invention. In FIG. 4, the optical 
transmission system includes the first multiplexer 100 to which 
a plurality of signals having different carrier frequencies are 
supplied; the detector 101 to which a signal outputted from the 
first multiplexer 100 is supplied; a modulator 408 to which the 
signal from the first multiplexer 100 and a: signal outputted from 
the detector 101 are supplied; the optical transmitter 104 to 
which a signal outputted from the modulator 408 is supplied; the 
optical receiver 105 to which an optical signal outputted from 
the optical transmitter 104 is supplied; and the demodulator 109 



to which a signal outputted from the optical transmitter 105 Is 
supplied. 

The third embodiment Is different from the first embodiment 
in that the amplitude controller 102, the second multiplexer 103, 
the separator 106, and the amplitude adjuster 107 are not provided 
and that the detection signal from the detector 101 is supplied 
to the modulator 408. The other components having the same 
functions as those in the first embodiment are provided with the 
same reference numerals, and their description is simplified 
herein. Mainly described below is the difference from the first 
embodiment . 

In the above first embodiment, the detection signal from 
the detector 101 is used as a control signal for controlling an 
instantaneous amplitude of the frequency-multiplexed signal, and 
multiplexed for transmission. 

However, in the third embodiment, as a first method, the 
modulator 408 controls, by using the detection signal from the 
detector 101, the carrier frequency of the modulated signal to 
be produced therein. In this control, the carrier frequency of 
the modulated signal is Increased only when the Instantaneous 
amplitude of the Input frequency-multiplexed signal is increased. 
Alternatively, the carrier frequency may be increased or 
decreased as the Instantaneous amplitude of the input 
frequency-multiplexed signal is Increased or decreased. 

With this control, as mentioned above , even when the 
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spectrum width of the residual modulated signal is increased 
instantaneously according to the instantaneous amplitude 
increase of the frequency-multiplexed signal, interference of the 
residual modulated signal components with the demodulated signal 
can be suppressed. By way of example only, in FIG. 17, an 
instantaneous eunplitude increase of the frequency-multiplexed 
signal instantaneously increases the spectrum width of the 
residual modulated signal, thereby causing interference with the 
demodulated signal. Therefore, by controlling the center 
frequency (carrier frequency) fc of the residual modulated signal, 
interference with the demodulated signal ccm be prevented even 
with an increase in the spectrum width of the residual modulated 
signal. This control can be made by shifting the carrier 
frequency of the modulated signal corresponding to the residual 
modulated signal to a higher frequency. 

As a second method in the third embodiment, in order to 
modulate the input frequency multiplex signal to produce a 
modulated signal, the modulator 408 controls the frequency 
modulation efficiency of the modulated signal using the detection 
signal from the detector 101, In this control, the frequency 
modulation efficiency of the modulated signal is decreased only 
when the instantaneous amplitude of the input frequency- 
"^^^^ipl^xed signal is increased. Alternatively, the frequency 
modulation efficiency may be decreased or increased as the 
instantaneous amplitude is increased or decreased. 



With this control, even when the spectrum width of the 
residual modulated signal is increased instantaneously according 
to the instantaneous amplitude increase in the frequency- 
multiplexed signal, interference of the residual modulated signal 
components with the demodulation signal Ccui be suppressed. 

As described above, the instantaneous amplitude increase 
in the frequency-multiplexed signal causes an instantaneous 
increase in the spectrum width of the residual modulated signal, 
thereby causing interference with the demodulated signal. For 
suppressing this interference, the frequency modulation 
efficiency of the modulated signal is decreased to suppress an 
Increase in the spectrum width of the modulated signal. 

Moreover, in the first embodiment, the detection signal 
from the detector 101 is multiplexed for transmission. In the 
third embodiment, however, the detection signal is not 
transmitted in both first and second methods. Therefore, 
circuits for multiplexing , transmitting, and then separating the 
detection signal are not required, thereby achieving a system with 
simple structure. 

As described above, in the optical transmission system of 
FIG. 4, the carrier frequency or the frequency modulation 
efficiency of the modulated signal is controlled according to the 
instantaneous amplitude of the frequency -multiplexed signal. 
Therefore, it is possible to suppress interference of the residual 
modulated signal components with the demodulated signal and 
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achieve high-quality signal transmission with less distortion 
with simple structure. 
(Fourth emboddLment ) 

FIG. 5 is a block diagram showing an optical transmission 
system for a frequency-multiplexed signal according to a fourth 
embodiment of the present invention. In FIG. 5, the optical 
transmission system includes the first multiplexer 100 to which 
a plurality of signals having different carrier frequencies are 
supplied; the detector 101 to which a signal outputted from the 
first multiplexer 100 is supplied; the amplitude controller 102 
to which the signal from the first multiplexer 100 and a signal 
outputted from the detector 101 are supplied; a second multiplexer 
503 to which a signal outputted from the amplitude controller 102 
and the signal from the detector 101 are supplied; the modulator 
108 to which a signal outputted from the second multiplexer 503 
is supplied; the optical transmitter 104 to which a signal 
outputted from the modulator 108 is supplied; the optical receiver 
105 receiving an optical signal sent from the optical transmitter 
104; the demodulator 109 to which a signal outputted from the 
optical receiver 105 is supplied; a separator 506 to which a signal 
outputted from the demodulator 109 is supplied; and the amplitude 
adjuster 107 to which a signal outputted from the separator 506 
is supplied. 

The fourth embodiment is different from the first 
embodiment in that the second multiplexer 503 and the separator 



506 are newly provided instead of the second multiplexer 103 and 
the separator 106 • The other components having the same functions 
as those in the first embodiment are provided with the same 
reference numerals, and their description is simplified herein. 
Mainly described below is the difference from the first 
embodiment . 

In the above first embodiment, the second multiplexer 103 
multiplexes the modulated frequency-multiplexed signal and the 
detection signal for optical transmission . In the receiving side , 
the separator 106 separates the modulated signal and the detection 
signal from the received signal, and then the separated modulated 
signal is demodulated. On the other hand, in the fourth 
embodiment, the second multiplexer 503 multiplexes the 
frequency-multiplexed signal from the amplitude controller 102 
and the detection signal from the detector 101. The resultant 
multiplexed signal is modulated by the modulator 108 for optical 
transmission. In the receiving side, the optical receiver 105 
converts the received optical signal into an electrical signal, 
and then the demodulator 109 demodulates the electrical signal. 
Then, the separator 506 separates the frequency-multiplexed 
signal and the detection signal from the demodulated signal. 

As described above, in the optical transmission system of 
FIG. 5, the detection signal is multiplexed with the unmodulated 
frequency-multiplexed signal. Therefore, a channel (first 
channel, for example) that is different from the channels of the 
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unmodulated frequency-multiplexed signal (second to fortieth 
channels, for example) is selected and assigned to the detection 
signal. With this assignment, the frequency-multiplexed signal 
and the detection signal can be modulated all at once, and the 
detection signal can be handled as a signal of one channel in the 
frequency-multiplexed signal. Therefore, the detection signal 
can be easily handled and circuitry can be simplified. 

Therefore, in the optical system of FIG. 5, one channel of 
the frequency-multiplexed signal is assigned for detection signal 
transmission. It is thus possible to achieve high-quality signal 
transmission with simple structure. 
(Fifth embodiment) 

FIG. 6 is a block diagram showing an optical transmission 
system for a frequency- multiplexed signal according to a fifth 
embodiment of the present invention. In FIG. 6, the optical 
transmission system includes the first multiplexer 100 to which 
a plurality of signals having different carrier frequencies are 
supplied; the detector 101 to which a signal outputted from the 
first multiplexer 100 is supplied; the amplitude controller 102 
to which the signal from the first multiplexer 100 and a signal 
outputted from the detector 101 are supplied; a phase adjuster 
612 to which the signal from the detector 101 is supplied; the 
second multiplexer 503 to which a signal outputted from the 
amplitude controller 102 and a signal outputted from the phase 
adjuster 612 are supplied; the modulator 108 to which a signal 
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outputted from the second multiplexer 503 is supplied; the optical 
transmitter 104 to which a signal outputted from the modulator 
108 is supplied; the optical receiver 105 receiving an optical 
signal sent from the optical transmitter 104; the demodulator 109 
to which a signal outputted from the optical receiver 105 is 
supplied; the sepeirator 506 to which a signal outputted from the 
demodulator 109 is supplied; a phase reproducer 613 to which a 
s±gnal outputted from the separator 506 is supplied; and the 
amplitude adjuster 107 to which a signal outputted from the phase 
reproducer 613 and a signal outputted from the separator 506 are 
supplied . 

The fifth embodiment is different from the fourth 
embodiment in that the phase adjuster 612 and the phase reproducer 
613 are newly provided. The other components having the same 
functions as those in the fourth embodiment are provided with the 
same reference numerals, and their description is simplified 
herein . Mainly described below is the difference from the fourth 
embodiment . 

In the fourth embodiment, the detection signal is 
"^^Itiplexed with the frequency-multiplexed signal for modulation 
and optical transmission. In the receiving side, after the 
modulated signal is demodulated, the detection signal is 
separated therefrom for reproducing the instantaneous amplitude 
of the frequency-multiplexed signal. 

On the other heuid, in the fifth embodiment, the detection 
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signal from the detector 101 is adjusted in phase by the phase 
adjuster 612 according to a predetermined scheme. The phase- 
adjusted detection signal is multiplexed with the frequency- 
multiplexed signal by the second multiplexer 503 for modulation 
and optical trcinsmission. In the receiving side, the optical 
receiver 105 converts the optical modulated signal into a 
modulated electrical signal. Then, the demodulator 109 
demodulates the modulated electrical signal. The separator 506 
separates the frequency-multiplexed signal and the detection 
signal from the demodulated signal. The phase of the separated 
detection signal is reproduced by the phase reproducer 613 
according to a scheme used in the phase adjuster 612 in reverse. 
By referring to the detection signal with its phase reproduced, 
the eunplitude adjuster 107 reproduces the instantaneous amplitude 
of the frequency-multiplexed signal. 

Considered next is the scheme for phase adjustment. FIG. 
7A is a graph illustrating the waveform of the frequency- 
multiplexed signal on a time axis . FIG. 7B is a graph illustrating, 
on the time axis, the waveform of the frequency-multiplexed signal 
outputted from the amplitude controller 102 after its 
instantaneous amplitude variations are suppressed. FIG. 7C is 
a graph illustrating the waveform of the detection signal 
outputted from the phase adjuster 612 after its phase is adjusted. 

As shown in the drawings, the instantaneous amplitude 
variations in the frequency-multiplexed signal shown in FIG. 7B 
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and the variations in the phase -adjusted detection signal shown 
in FIG. 7C are 180 degrees out of phase with each other. As such, 
the detection signal is adjusted to become 180 degrees out of phase 
with the frequency-multiplexed signal whose instcintaneous 
amplitude variations are suppressed. Then, these signals are 
multiplexed for optical transmission. With this adjustment, the 
amplitude variations of these signals cancel each other out , 
thereby preventing variation in amplitude of the multiplexed 
signal from becoming large. 

In the receiving side, the detection signal separated from 
the frequency-multiplexed signal is readjusted in phase so as to 
be back to the original state with respect to the frequency- 
multiplexed signal. Then, the phase -readjusted detection signal 
is used as a control signal for reproducing the instantaneous 
amplitude of the frequency-multiplexed signal. 

As described above, in the optical system of FIG. 6, the 
detection signal is optimally adjusted in phase so that the 
variations in instantaneous amplitude of the multiplexed signal 
are not intensified, and then multiplexed with the frequency- 
multiplexed signal for transmission. It is therefore possible 
to more effectively suppress interference with the demodulated 
signal that the residual modulated signal component may cause due 
to an instantaneous amplitude increase in the frequency- 
^^^itiplexed signal. Also, the spectrum width of the transmission 
signal can be limited to a predetermined bandwidth by design . As 
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such, the optical transmission system of FIG. 6 can achieve 
high-quality signal transmission with less distortion. 
(Sixth embodiment) 

FIG. 8 is a block diagram showing an optical transmission 
system for a frequency-multiplexed signal according to a sixth 
embodiment of the present invention. In FIG. 8, the optical 
transmission system includes the first multiplexer 100 to which 
a plurality of signals having different carrier frequencies are 
supplied; the detector 101 to which a signal outputted from the 
first multiplexer 100 is supplied; the amplitude controller 102 
to which the signal from the first multiplexer 100 and a signal 
outputted from the detector 101 are supplied; the detection signal 
modulator 310 to which the signal from the detector 101 is 
supplied; a second multiplexer 803 to which a signal outputted 
from the amplitude controller 102 and the signal outputted from 
the detection signal modulator 310 are supplied; the modulator 
108 to which a signal outputted from the second multiplexer 803 
is supplied; the optical transmitter 104 to which a signal 
outputted from the modulator 108 is supplied; the optical receiver 
105 receiving an optical signal sent from the optical transmitter 
104; the demodulator 109 to which a signal outputted from the 
optical receiver 105 is supplied; a separator 806 to which a signal 
outputted from the demodulator 109 is supplied; the detection 
signal demodulator 311 to which a signal outputted from the 
separator 806 is supplied; and the amplitude adjuster 107 to which 
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a signal outputted from the detection signal demodulator 311 and 
the signal from the separator 806 are supplied. 

The sixth embodiment is different from the second 
embodiment in that the second multiplexer 803 and the separator 
806 are newly provided instead of the second multiplexer 103 and 
the separator 106 . The other components having the same functions 
as those in the second embodiment are provided with the same 
reference numerals, and their description is simplified herein. 
Mainly described below is the difference from the second 
embodiment . 

In the second embodiment, the second multiplexer 103 
multiplexes the modulated detection signal and the modulated 
frequency-multiplexed signal for optical transmission. In the 
receiving side, the separator 106 separates the modulated signal 
and the modulated detection signal from the received signal, and 
each of the separated signals is demodulated. 

However, in the sixth embodiment, the second multiplexer 
803 multiplexes the modulated detection signal and the 
frequency-multiplexed siignal, and the obtained multiplexed 
signal is modulated before optical transmission. In the 
receiving side, the received signal is first demodulated, and then 
the separator 806 separates the frequency-multiplexed signal and 
the modulated detection signal from the demodulated signal . The 
separated detection signal is demodulated by the detection signal 
demodulator 311, and then used for reproducing the instantaneous 
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amplitude of the frequency-multiplexed signal. 

Therefore, the modulated detection signal is multiplexed 
with the unmodulated frequency-multiplexed signal. More 
specifically, a channel (a fortieth channel, for example) that 
is different from the channels of the unmodulated frequency- 
multiplexed signal (first to thirty-ninth channels, for example) 
is selected and assigned to the modulated detection signal. 

Here, the detection signal is modulated by the detection 
signal modulator 310 because the carrier frequency thereof is 
varied to become a predetermined frequency of one channel assigned 
(fortieth channel, for example). 

Thus, the modulated detection signal and the frequency- 
multiplexed signal can be modulated all at once. Also, the 
detection signal can be easily handled as a signal of one channel 
in the frequency-multiplexed signal. 

Therefore, in the optical transmission system of PIG. 8, 
one channel of the frequency-multiplexed signal is assigned for 
detection signal transmission. It is therefore possible to 
achieve high-quality signal transmission with simpler and 
flexible structure. 
(Seventh embodiment) 

FIG. 9 is a block diagram showing an optical transmission 
system for a frequency-multiplexed signal according to a seventh 
embodiment of the present invention. In FIG. 9, the optical 
transmission system includes the first multiplexer 100 to which 
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a plurality of signals having different carrier frequencies are 
supplied; the detector 101 to which a signal outputted from the 
first multiplexer 100 is supplied; the amplitude controller 102 
to which the signal from the first multiplexer 100 and a signal 
outputted from the detector 101 are supplied; a phase adjuster 
912 to which the signal from the detector 101 is supplied; the 
detection signal modulator 310 to which a signal outputted from 
the phase adjuster 912 is supplied; the second multiplexer 803 
to which a signal outputted from the amplitude controller 102 and 
a signal outputted from the detection signal modulator 310 are 
supplied; the modulator 108 to which a signal outputted from the 
second multiplexer 803 is supplied; the optical transmitter 104 
to which a signal outputted from the modulator 108 is supplied; 
the optical receiver 105 receiving an optical signal sent from 
the optical transmitter 104; the demodulator 109 to which a signal 
outputted from the optical receiver 105 is supplied; the separator 
806 to which a signal outputted from the demodulator 109 is 
supplied; the detection signal demodulator 311 to which a signal 
outputted from the separator 806 is supplied; a phase reproducer 
913 to which a signal outputted from the detection signal 
demodulator 311 is supplied; and the amplitude adjuster 107 to 
which a signal outputted from the phase reproducer 913 and a signal 
from the demodulator 806 are supplied. 

The seventh embodiment is different from the sixth 
embodiment in that the phase adjuster 912 and the phase reproducer 
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913 are newly provided. The other components having the same 
functions as those in the sixth embodiment are provided with the 
same reference numerals, and their description is simplified 
herein. Mainly described below is the difference from the sixth 
embodiment . 

In the sixth embodiment, the modulated detection signal is 
multiplexed with the frequency-multiplexed signal. The 
resultant multiplexed signal is modulated for optical 
transmissioii. In the receiving side, the modulated signal is 
demodulated, and the modulated detection signal is separated from 
the demodulated frequency-multiplexed signal. With the 
modulated detection signal demodulated, the instantaneous 
amplitude of the frequency-multiplexed signal is reproduced. 

However, in the present embodiment, the detection signal 
is adjusted in phase by the phase adjuster 912 according to a 
predetermined scheme, modulated, and then multiplexed with the 
frequency-multiplexed signal. The resultant multiplexed signal 
is modulated for optical transmission. In the receiving side, 
the modulated signal is demodulated, and the modulated detection 
signal is separated from the demodulated frequency-multiplexed 
signal. The modulated detection signal is demodulated, and 
adjusted in phase by the phase reproducer 913 according to a scheme 
used by the phase adjuster 912 in reverse. With the phase- 
adjusted detection signal, the Instantaneous amplitude of the 
frequency-multiplexed signal is reproduced. 



Note that the predetermined scheme is similar to that of 
the fifth embodiment. That is, the phase adjuster 912 adjusts 
the phase of the detection signal so that the variations in 
suppressed instantaneous amplitude of the frequency-multiplexed 
signal and the variations in the modulated detection signal are 
180 degrees out of phase. After that, the phase -adjusted 
detection signal is modulated and multiplexed for optical 
transmission. In the receiving side, the detection signal is 
separated from the frequency-multiplexed signal, demodulated, 
and then readjusted in phase to be back to the original phase state 
with respect to the frequency-multiplexed signal. The phase- 
readjusted detection signal is used as a control signal for 
reproducing the instantaneous amplitude of the frequency- 
multiplexed signal. 

As described above, in the optical transmission system of 
FIG. 9, the detection signal is optimally adjusted in phase so 
that the veuriations in the instantaneous amplitude of the 
frequency-multiplexed signal are not intensified, and then 
multiplexed with the frequency-multiplexed signal for 
transmission. It is therefore possible to effectively suppress 
interference with the demodulated signal that the residual 
modulated signal component may cause due to an instantaneous 
amplitude increase in the frequency-multiplexed signal. Also, 
the spectrum width of the transmission signal can be limited to 
a predetermined bandwidth by design. As such, the optical 
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transmission system of FIG. 9 can achieve high-quality signal 
transmission with less distortion. 
(Eighth embodiment) 

PIG. 10 is a block diagram showing an optical transmission 
system for a frequency-multiplexed signal according to an eighth 
embodiment of the present invention. In PIG. lo, the optical 
transmission system includes a first multiplexer 1000 to which 
a plurality of signals having different carrier frequencies are 
supplied; a detector 1001 to which a signal outputted from the 
first multiplexer 1000 is supplied; an amplitude controller 1002 
to which the signal from the first multiplexer 1000 and a signal 
outputted from the detector 1001 are supplied; a second 
multiplexer 1003 to which a signal outputted from the amplitude 
controller 1002 and the signal from the detector 1001 are 
supplied; an optical transmitter 1004 to which a signal outputted 
from the second multiplexer 1003 is supplied; an optical receiver 

1005 for receiving an optical signal sent from the optical 
transmitter 1004; a separator 1006 to which a signal outputted 
from the optical receiver 1005 is supplied; and an amplitude 
adjuster 1007 to which two signals outputted from the separator 

1006 are supplied. 

Next, the operation of the optical transmission system 
according to the eighth embodiment as shown in FIG. 10 is described. 
The first multiplexer 1000 frequency-multiplexes a plurality of 
signals having predetermined different carrier frequencies . The 
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detector 1001 detects Instantaneous amplitude variation of the 
frequency-multiplexed signal outputted from the first 
multiplexer 1000. and outputs the detection result as a detection 
signal. The amplitude controller 1002 is implemented as a 
variable gain amplifier, for example, as mentioned above. The 
amplitude controller 1002 increases or decreases gain by 
referring to the detection signal to control the instantaneous 
amplitude variations of the frequency-multiplexed signal to 
become moderate, and more ideally, under a predetermined value. 
The second multiplexer 1003 multiplexes the frequency- 
multiplexed signal outputted from the amplitude controller 1002 
and the detection signal . The optical transmitter 1004 converts 
the multiplexed signal outputted from the second multiplexer 1003 
into an optical modulated signal, and sends the same to an optical 
transmission path or the like (not shown) . The optical receiver 
1005 converts the optical modulated signal received through the 
optical transmission path into an electrical signal. The 
separator 1006 separates the frequency-multiplexed signal and the 
detection signal from the electrical signal outputted from the 
optical receiver 1005. The amplitude adjuster 1007 adjusts the 
instantaneous amplitude of the frequency-multiplexed signal by 
referring to the detection signal outputted from the separator 
1006, and outputs the frequency-multiplexed signal having 
instantaneous amplitude variation in accordance with the 
frequency-multiplexed signal outputted from the multiplexer 



1000. 

As described above, in the optical transmission system of 
PIG. 10, the instantaneous amplitude variation components of the 
frequency-multiplexed signal are suppressed for optical 
transmission. Then, these components are again provided to 
reproduce the original frequency-multiplexed signal . With this 
technique, it is possible to ease the occurrence of clipping in 
the optical transmitter 1004 due to an instantaneous amplitude 
increase of the frequency-multiplexed signal. In other words, 
the amplitude controller 1002 controls the instantaneous 
amplitude variation of the frequency-multiplexed signal to become 
moderate and. more ideally, under a predetermined value. 
Therefore, as shown in FIG. 18, the amplitude of the signal 
injected to a laser never becomes smaller than the threshold ( Ith) . 
Thus, in the output light power waveform, clipping that can cause 
waveform distortion never occurs. 

Therefore, in the eighth embodiment, it is possible to 
suppress instantaneous quality deterioration of the transmission 
signal and achieve signal transmission with less distortion by 
simpler structure without requiring FM modulation and the like. 
(Ninth embodiment) 

FIG. 11 is a block diagram showing an optical transmission 
system for a frequency-multiplexed signal according to a ninth 
embodiment of the present invention. In FIG. 11. the optical 
transmission system includes the first multiplexer 1000 to which 



65 



a plurality of signals having different carrier frequencies are 
supplied; the detector 1001 to which a signal outputted from the 
first multiplexer 1000 is supplied; the amplitude controller 1002 
to which the signal from the first multiplexer 1000 and a signal 
outputted from the detector 1001 are supplied; a phase adjuster 
1112 to which the signal from the detector 1001 is supplied; the 
second multiplexer 1003 to which a signal outputted from the 
amplitude controller 1002 and a signal outputted from the phase 
adjuster 1112 are supplied; the optical transmitter 1004 to which 
a signal outputted from the second multiplexer 1003 is supplied; 
the optical receiver 1005 for receiving an optical signal sent 
from the optical transmitter 1004; the separator 1006 to which 
a signal outputted from the optical receiver 1005 is supplied; 
a phase reproducer 1113 to which a signal outputted from the 
separator 1006 is supplied; and the amplitude adjuster 1007 to 
which the signal from the separator 1006 and a signal outputted 
from the phase reproducer 1113 are supplied. 

The ninth embodiment is different from the eighth 
embodiment in that the phase adjuster 1112 and the phase 
reproducer 1113 are newly provided. The other components having 
the same functions as those in the eighth embodiment are provided 
with the same reference numerals, and their description is 
simplified herein . Mainly described below is the difference from 
the eighth embodiment. 

In the eighth embodiment, the detection signal is 
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multiplexed with the frequency-multiplexed signal for optical 
transmission. In the receiving side, the detection signal is 
separated from the frequency-multiplexed signal. Then, by using 
the separated detection signal, the instantaneous amplitude of 
the frequency-multiplexed signal is reproduced. 

However, in the ninth embodiment, the detection signal is 
adjusted in phase by the phase adjuster 1112 according to a 
predetermined scheme, and then multiplexed with the 
frequency-multiplexed signal for optical transmission. In the 
receiving side; the detection signal is separated from the 
frequency-multiplexed signal, and then readjusted in phase by the 
phase reproducer 1113 according to the scheme used in the phase 
adjuster 1112 in reverse. 

Note that the predetermined scheme is similar to that of 
the fifth embodiment. That is, the phase adjuster 1112 adjusts 
the phase of the detection signal so that the variations in the 
suppressed instantaneous eunplitude of the frequency-multiplexed 
signal and the variations in the detection signal are 180 degrees 
out of phase. After that, the phase -adjusted detection signal 
is multiplexed for optical transmission. In the receiving side, 
the detection signal is separated from the frequency-multiplexed 
signal, and then readjusted in phase to be back to the original 
phase state with respect to the frequency -multiplexed signal. 
The phase-readjusted detection signal is used as a control signal 
for reproducing the instantaneous amplitude of the frequency- 



multiplexed signal. 

As described above, in the optical transmission system of 
FIG. 11. the detection signal is optimally adjusted in phase so 
that instantaneous amplitude variations of the multiplexed signal 
are not intensified, and then multiplexed with the frequency- 
multiplexed signal for transmission. It is therefore possible 
to more effectively suppress interference with the demodulated 
signal that the residual modulated signal component may cause due 
to an instantaneous amplitude increase of the frequency- 
multiplexed signal. 
(Tenth embodiment) 

FIG. 12 is a block diagram showing an optical transmission 
system for a frequency-multiplexed signal according to a tenth 
embodiment of the present invention. In FIG. 12. the optical 
transmission system includes the first multiplexer 1000 to which 
a plurality of signals having different carrier frequencies are 
supplied; the detector 1001 to which a signal outputted from the 
first multiplexer 1000 is supplied; the amplitude controller 1002 
to which the signal from the first multiplexer 1000 and a signal 
outputted from the detector 1001 are supplied; a detection signal 
modulator 1210 to which the signal from the detector 1001 is 
supplied; the second multiplexer 1003 to which a signal outputted 
from the amplitude controller 1002 and a signal from the detection 
signal modulator 1210 are supplied; the optical transmitter 1004 
to which a signal outputted from the second multiplexer 1003 is 
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supplied; the optical receiver 1005 for receiving an optical 
signal sent from the optical transmitter 1004; the separator 1006 
to which a signal outputted from the optical receiver 1005 is 
supplied; a detection signal demodulator 1211 to which a signal 
outputted from the separator 1006 is supplied; and the amplitude 
adjuster 1007 to which a signal outputted from the separator 1006 
and a signal outputted from the detection signal demodulator 1211 
are supplied. 

The tenth embodiment is different from the eighth 
embodiment in that the detection signal modulator 1210 and the 
detection signal demodulator 1211 are newly provided. The other 
components having the same functions as those in the eighth 
embodiment are provided with the same reference numerals, and 
their description is simplified herein. Mainly described below 
is the difference from the eighth embodiment. 

In the eighth embodiment . the detection signal is directly 
multiplexed with the frequency-multiplexed signal for optical 
transmission. However, in the tenth embodiment, the detection 
signal is converted to be a modulated signal (modulated detection 
signal) having a predetermined carrier frequency. Thereafter, 
the modulated detection signal is multiplexed with the 
frequency-multiplexed signal for optical transmission. In the 
receiving side, the modulated detection signal is separated from 
the frequency-multiplexed signal, and then demodulated by the 
detection signal demodulator 1211 to be the detection signal . The 
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demodulated detection signal is used for reproducing the 
instantaneous amplitude of the frequency-multiplexed signal. 

As described above, in the optical transmission system of 
FIG. 12, like the system of FIG. 8, the detection signal is 
modulated, and one channel of the frequency-multiplexed signal 
is assigned for tremsmitting the modulated detection signal. If 
so . the frequency-multiplexed signal and the detection signal can 
be transmitted all at once, and the detection signal can be handled 
as a signal of one channel in the frequency-multiplexed signal. 
Therefore, the detection signal can be easily handled. 

Thus, in the optical transmission system of FIG. 12, 
high-quality signal transmission can be achieved with more 
flexible and simpler structure. 
(Eleventh embodiment) 

FIG. 13 is a block diagram showing an optical transmission 
system for a frequency-multiplexed signal according to an 
eleventh embodiment of the present invention. In FIG. 13, the 
optical transmission system includes the first multiplexer 1000 
to which a plurality of signals having different carrier 
frequencies are supplied; the detector 1001 to which a signal 
outputted from the first multiplexer 1000 is supplied; the 
amplitude controller 1002 to which the signal from the first 
multiplexer 1000 and a signal outputted from the detector 1001 
are supplied; a phase adjuster 1312 to which the signal from the 
detector 1001 is supplied; the detection signal modulator 1210 



to which a signal output ted from the phase adjuster 1312 is 
supplied; the second multiplexer 1003 to which a signal outputted 
from the amplitude controller 1002 and a signal from the detection 
signal modulator 1210 are supplied; the optical transmitter 1004 
5 to which a signal outputted from the second multiplexer 1003 is 
supplied; the optical receiver 1005 for receiving an optical 
signal sent from the optical transmitter 1004; the separator 1006 
to which a signal outputted from the optical receiver 1005 is 
supplied; the detection signal demodulator 1211 to which a signal 
10 outputted from the separator 1006 is supplied; a phase reproducer 
1313 to which a signal outputted from the detection signal 
demodulator 1211 is supplied; and the amplitude adjuster 1007 to 
which a signal outputted from the separator 1006 and a signal 
outputted from the phase reproducer 1313 are supplied. 
15 The eleventh embodiment is different from the tenth 

embodiment in that the phase adjuster 1312 and the phase 
reproducer 1313 are newly provided. The other components having 
the same functions as those in the tenth embodiment are provided 
with the same reference numerals, and their description is 
2 0 simplified herein . Mainly described below is the difference from 
the tenth embodiment . 

In the tenth embodiment , the modulated detection signal is 
multiplexed with the frequency-multiplexed signal for optical 
transmission. In the receiving side, the frequency-multiplexed 
.25 signal and the modulated detection signal are separated from the 
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multiplexed signal. Then, by using the demodulated detection 
signal, the Instantaneous amplitude of the frequency-multiplexed 
signal is reproduced. 

However, in the eleventh embodiment, the detection signal 
is adjusted in phase by the phase adjuster 1312 according to a 
predetermined scheme, modulated, and then multiplexed with the 
frequency-multiplexed signal for optical transmission. In the 
receiving side, the modulated detection signal is separated from 
the multiplexed signal, and then demodulated to be the detection 
signal. The detection signal is readjusted in phase by the phase 
reproducer 1313 according to a scheme used in the phase adjuster 
1312 in reverse. With this phase -readjusted detection signal, 
the instantaneous amplitude of the frequency-multiplexed signal 
±s reproduced. 

Note that the predetermined scheme is similar to that of 
the seventh embodiment as shown in FIG. 9, for example. That is, 
the amplitude controller 1002 adjusts the phase of the detection 
signal so that variations in the suppressed instantaneous 
amplitude of the frequency-multiplexed signal and variation in 
the modulated detection signal are 180 degrees out of phase. 
After that, the phase-adjusted detection signal is modulated and 
multiplexed for optical transmission . In the receiving side , the 
detection signal is separated from the frequency-multiplexed 
signal, demodulated, and then readjusted in phase to be back to 
the original phase state with respect to the frequency- 
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multiplexed signal. The phase-readjusted detection signal is 
used as a control signal for reproducing the instantaneous 
amplitude of the frequency-multiplexed signal. 

As described above, in the optical transmission system of 
5 FIG. 13, the detection signal is optimally adjusted in phase so 
that instantaneous amplitude variation of the multiplexed signal 
is not intensified, and then multiplexed with the frequency- 
multiplexed signal for transmission. It is therefore possible 
to more effectively suppress, with simple and flexible structure, 
10 instantaneous quality deterioration of the transmission signal 
due to clipping, achieving signal transmission with less 
distortion. 

While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
15 restrictive. It is understood that numerous other modifications 
and variations can be devised without departing from the scope 
of the invention. 
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